1. Introduction {#sec1-diagnostics-10-00579}
===============

The control of viral hepatitis (hepatitis B virus (HBV) and hepatitis C virus (HCV)) has now become possible, and the so-called non-HBV non-HCV hepatocellular carcinoma (NBNC-HCC) has become 1/3 of the total number of HCC cases in Japan \[[@B1-diagnostics-10-00579]\]. The main background of NBNC-HCC is fatty liver disease (FLD), which is caused by alcohol consumption and/or lifestyle-related factors \[[@B1-diagnostics-10-00579],[@B2-diagnostics-10-00579]\]. In the past, low-drinking FLD was called nonalcoholic fatty liver disease (NAFLD). It has been proposed to change this name to metabolic dysfunction associated fatty liver disease (MAFLD) \[[@B3-diagnostics-10-00579]\]. NAFLD comprises a broad spectrum of syndromes, ranging from simple steatosis and nonalcoholic steatohepatitis (NASH) to fibrosis, cirrhosis, and HCC \[[@B4-diagnostics-10-00579]\]. Some NAFLD patients with the progression of fibrosis experience liver disease-related mortality (HCC, liver failure, or esophageal varices hemorrhaging) or require liver transplantation \[[@B5-diagnostics-10-00579]\]. NAFLD affects about 25% of adults \[[@B6-diagnostics-10-00579],[@B7-diagnostics-10-00579]\], but about 25% (6.7%--59%) transition to NASH \[[@B8-diagnostics-10-00579]\], 25% of whom develop cirrhosis. Since 25% of cancers occur over 10 years \[[@B9-diagnostics-10-00579]\] ([Figure 1](#diagnostics-10-00579-f001){ref-type="fig"}, 25% rule), it is estimated that only 1 or 2 out of every 100 NAFLD cases develop HCC ([Figure 1](#diagnostics-10-00579-f001){ref-type="fig"}) \[[@B10-diagnostics-10-00579],[@B11-diagnostics-10-00579]\]. Although it is clear that NAFLD portends a lower risk for HCC than HBV or HCV, the high prevalence of NAFLD in the population underlies the importance of NAFLD in the development of HCC \[[@B12-diagnostics-10-00579]\]. However, poor surveillance is a constant problem for patients with NAFLD. According to cohort studies from Italy and the United States, many patients with NAFLD-related HCC are not diagnosed through regular surveillance (compared to patients with HCV-related HCC), resulting in a more advanced HCC burden at diagnosis \[[@B13-diagnostics-10-00579],[@B14-diagnostics-10-00579]\]. This review outlines the most efficient types of surveillance for HCC in NAFLD.

Although 25% of adults have NAFLD, about 25% will progress to NASH in their lifetime, and 25% will progress from NASH to liver cirrhosis. The incident rate of HCC 10 years after liver cirrhosis is about 25%. Out of 100 NAFLD patients, it is rare for 1--2 people with NAFLD to develop HCC. The authors have copyright of this figure \[[@B10-diagnostics-10-00579]\].

2. Carcinogenic Risk in Nonalcoholic Fatty Liver Disease {#sec2-diagnostics-10-00579}
========================================================

The risk of hepatocarcinogenesis from NAFLD varies depending on the background of the population. Globally, HCC incidence among NAFLD patients is 0.44 per 1000 person-years (range, 0.29--0.66) \[[@B6-diagnostics-10-00579]\]. Comparing 296,707 NAFLD patients with 296,707 matched controls without known liver disease in the United States National Veterans Health Administration system, the incident HCC rate was shown to be 0.02 per 1000 person-years in normal subjects and 0.21 per 1000 person-years in NAFLD. Those with NAFLD have a higher risk compared to healthy people (hazard ratio \[HR\] 7.62, 95% confidence interval \[CI\] 5.76--10.09) \[[@B15-diagnostics-10-00579]\]. In a study comparing the incidence of HCC among patients with HCV infection and NAFLD \[[@B16-diagnostics-10-00579]\], 315 patients with HCV-cirrhosis and 195 with cirrhosis due to NAFLD were followed for a median of 3.2 years. The cumulative incidence of HCC was slightly lower for NAFLD-related cirrhosis than for HCV cirrhosis (2.6% vs. 4%, *p* = 0.09) \[[@B16-diagnostics-10-00579]\]. In a Danish cohort study, none of the 170 subjects in the NAFLD cohort without significant fibrosis at baseline developed HCC during an average of almost 21 years follow-up \[[@B17-diagnostics-10-00579]\]. A Swedish cohort study over 21 years found 3% and 6% cumulative HCC mortality for biopsy-proven NAFLD and NASH, respectively \[[@B18-diagnostics-10-00579]\]. In Japan, the annual rate is 0.04% for cases of NAFLD diagnosed by ultrasonography (US) \[[@B19-diagnostics-10-00579]\], 0.4%--0.8% for cases of NAFLD diagnosed by liver biopsy \[[@B20-diagnostics-10-00579]\], and 2% to 3% for those with NASH associated cirrhosis \[[@B9-diagnostics-10-00579]\]. In this way, the HCC risk in NAFLD seems to be limited to individuals with cirrhosis \[[@B21-diagnostics-10-00579]\].

The best available evidence suggests that NAFLD-related cirrhosis is a risk factor for HCC, albeit at a lower rate compared to HCV-related cirrhosis. However, the annual incidence rate of NASH-cirrhosis remains higher than 1%. HCC has also been observed in NAFLD patients without cirrhosis but with incidence rates lower than 1% a year \[[@B22-diagnostics-10-00579],[@B23-diagnostics-10-00579]\]. The surveillance of HCC in every patient with NAFLD is unrealistic. However, screening for HCC in cirrhotic patients is justifiable based on financial considerations. An important issue is how to determine high-risk cases from a large number of NAFLD patients for early diagnosis and treatment of HCC. Advanced fibrosis (F3/4), old age, male gender, low platelets (less than 150,000/μL), high AST, diabetes, and the patatin-like phospholipase domain-containing protein 3 (PNPLA3) single nucleotide polymorphism (SNP) GG homozygote have been established as carcinogenic risk factors in Japan \[[@B9-diagnostics-10-00579],[@B19-diagnostics-10-00579],[@B21-diagnostics-10-00579]\]. These results are consistent with the data from other Asian and western countries \[[@B15-diagnostics-10-00579],[@B16-diagnostics-10-00579],[@B24-diagnostics-10-00579],[@B25-diagnostics-10-00579],[@B26-diagnostics-10-00579]\]. We should also clarify the risk factors for HCC incidence in NASH-cirrhosis patients. Among 354 patients with a diagnosis of NASH cirrhosis at the Mayo Clinic, Rochester, diabetes (HR = 4.2; 95% CI = 1.2--14.2; *p* = 0.02), age (per decade, HR = 1.8; 95% CI = 1.2--2.6; *p* \< 0.01), and low serum albumin (HR = 2.1; 95% CI = 1.5--2.9; *p* \< 0.01) were significantly associated with an increased risk of developing HCC in a multivariable analysis. Other metabolic risk factors, including body mass index (BMI), hyperlipidemia, and hypertension, were not associated with HCC risk \[[@B27-diagnostics-10-00579]\].

3. Non-Invasive Diagnostic Method for Liver Fibrosis {#sec3-diagnostics-10-00579}
====================================================

The degree of liver fibrosis also contributes to the prognosis of NAFLD \[[@B25-diagnostics-10-00579],[@B28-diagnostics-10-00579]\]. In the United States, HCC surveillance targets highly fibrotic cases (particularly liver cirrhosis) \[[@B29-diagnostics-10-00579]\]. The American Association for the study of Liver Disease (AASLD) Practice Guide 2018 recommends four noninvasive tests (NITs) to evaluate hepatic fibrosis, including the Fibrosis-4 (FIB-4) index, the NAFLD fibrosis score (NFS) ([Table 1](#diagnostics-10-00579-t001){ref-type="table"}), vibration-controlled transient elastography (VCTE), and magnetic resonance elastography (MRE) \[[@B30-diagnostics-10-00579]\]. Kanwal et al. \[[@B15-diagnostics-10-00579]\] showed that an FIB-4 index \> 2.67 is associated with an increased risk of HCC not only in those with known cirrhosis but also in those without a prior diagnosis of cirrhosis. When utilizing NITs to risk stratify patients for HCC screening, a higher cutoff threshold is desirable to maximize specificity (90%). The following cutoff points for VCTE and MRE can be considered for the noninvasive detection of cirrhosis for the purposes of HCC screening: VCTE of 16.1 kPa and MRE of 5 kPa \[[@B29-diagnostics-10-00579]\]. In recent years, a two-step diagnostic algorithm that combines these factors has become widespread \[[@B31-diagnostics-10-00579],[@B32-diagnostics-10-00579],[@B33-diagnostics-10-00579]\] for stratifying patients with advanced fibrosis. The simple FIB-4 index is the first step, and the use of VCTE (FibroScan) is recommended mainly in the United States and Canada as the second step \[[@B34-diagnostics-10-00579],[@B35-diagnostics-10-00579]\]. Since the FIB-4 index has a high negative predictive value, it is useful for excluding highly fibrotic cases. The FIB-4 index can be accurately used as the first step assuming the agreement of a primary care physician or health checkup facility. However, among hepatologists, the lowest cutoff value should be 1.45 \[[@B33-diagnostics-10-00579],[@B36-diagnostics-10-00579]\], 1.3 \[[@B37-diagnostics-10-00579]\], or 2.0 because the FIB-4 index can overpredict advanced fibrosis in the elderly \[[@B38-diagnostics-10-00579],[@B39-diagnostics-10-00579]\]. That the FIB-4 index may show a false low value in diabetic patients \[[@B40-diagnostics-10-00579]\] is not controversial, but this index remains sufficient for the first-step targeting of 2 billion NAFLD patients \[[@B31-diagnostics-10-00579]\]. On the other hand, VCTE (FibroScan) is not widely used, and there are great expectations for serum markers. In Europe, the ELF (enhanced liver fibrosis) test, involving hyaluronic acid and a tissue inhibitor of matrix metalloproteinase type 1 (TIMP-1) along with P3NP (aminoterminal propeptide of type 3 procollagen) is used as the second step \[[@B41-diagnostics-10-00579]\] ([Table 1](#diagnostics-10-00579-t001){ref-type="table"}). A validation study for the efficacy of ELF test was conducted in Japan \[[@B42-diagnostics-10-00579]\]. In Japan, liver fibrosis markers such as type IV collagen 7S and Mac-2 binding protein glycosylation isomer (M2BPGi) are generally used by hepatologists. Japanese patients with elevated type IV collagen 7s levels, reflecting severe fibrosis \[[@B43-diagnostics-10-00579],[@B44-diagnostics-10-00579]\], are at increased risk of extrahepatic cancer and overall mortality, with biopsy-proven NAFLD \[[@B45-diagnostics-10-00579]\]. Type IV collagen 7S was previously measured by the radioimmunoassay (RIA) method, but since August 2020, it has become possible to measure this marker via the high-sensitivity ELISA method. Future discussions should determine which parameter is best to use, but it is necessary to discuss not only diagnostic accuracy but also the cost--benefit balance, including medical economic efficiency \[[@B26-diagnostics-10-00579],[@B31-diagnostics-10-00579]\].

4. HCC Surveillance in NAFLD Advocated by the American Gastroenterology Association {#sec4-diagnostics-10-00579}
===================================================================================

In 2020, eight recommendations (best practices) were published by the American Gastroenterology Association (AGA) for HCC surveillance in NAFLD patients \[[@B29-diagnostics-10-00579]\] ([Table 2](#diagnostics-10-00579-t002){ref-type="table"}). It is recommended that HCC surveillance be performed in cases of cirrhosis or in cases where NITs indicate severe liver fibrosis (Recommendations 1 and 2). According to the data of NASH-associated HCC from the Ministry of Health, Labor, and Welfare NASH research group (Director: Dr. Takeshi Okanoue, Saiseikai Suita Hospital, Osaka, Japan), most women (70%) develop HCC from cirrhosis, while men (70%) develop HCC without cirrhosis \[[@B46-diagnostics-10-00579]\]. In Italy, Piscaglia et al. reported that 46.2% of NAFLD associated HCC cases occur without cirrhosis \[[@B13-diagnostics-10-00579]\]. Similar results were reported by a German study, in which 41.7% of the cases did not feature cirrhosis \[[@B47-diagnostics-10-00579]\]. It has also been reported that NASH entails a high risk of carcinogenesis from non-cirrhotic livers compared to other liver diseases in the United States \[[@B48-diagnostics-10-00579]\]. However, the incidence of HCC in those with NAFLD and earlier stages of fibrosis (F0--F2) is extremely low and not precisely defined. The threshold incidence for the efficacy of surveillance (\>0.25 life-years gained) is 1.5% per year \[[@B49-diagnostics-10-00579]\], but NAFLD without cirrhosis relates to an annual incidence of HCC \< 1.5% per year. Therefore, systematic HCC screening may not be prudent \[[@B15-diagnostics-10-00579],[@B49-diagnostics-10-00579]\]. Although there is a higher risk of developing HCC among those with earlier stages of NAFLD than in those without NAFLD, the incidence rates and determinants of risk have not been well-quantified and are likely too low to justify routine screening at this point. The AASLD practice guide 2018 \[[@B12-diagnostics-10-00579]\] suggests that the risk of HCC is significantly lower in those with NAFLD with no cirrhosis than in those with cirrhosis; surveillance is not recommended for these patients. The risk factors of carcinogenesis from non-cirrhotic NAFLD includes male gender, low alcohol consumption, and a high FIB-4 index \[[@B50-diagnostics-10-00579]\]. Given the large number of cases with mild liver fibrosis, routine surveillance is irrational. However, it may be useful to focus on males, those who engage in light alcohol consumption, and those with a high FIB-4 index. Although AFP measurements are considered a tumor marker in the recommendations (Proposal 5), PIVKA-II had a higher positive rate than AFP in the data of the NASH research group of the Ministry of Health, Labor, and Welfare \[[@B46-diagnostics-10-00579]\] and in the data in the Japan Study Group of NAFLD (JSG-NAFLD) from a multi-center Japanese study \[[@B51-diagnostics-10-00579]\]. PIVKA-II may be superior to AFP for detecting NASH-HCC, although this possibility needs to be validated in an international study. In HCV-infected patients, HCC screening using biannual AFP, annual abdominal US, or triple phase computed tomography (CT) is more cost effective than engaging in no surveillance, with a cost effectiveness ratio less than \$ 50,000 quality-adjusted life years (QALY) \[[@B52-diagnostics-10-00579],[@B53-diagnostics-10-00579]\]. The AASLD guidance 2018 for HCC surveillance recommends surveillance using US with or without AFP every 6 months \[[@B12-diagnostics-10-00579]\]. US is an inexpensive and noninvasive surveillance method without any risk of radiation exposure for the patient \[[@B12-diagnostics-10-00579]\]. The AGA expert review recommends to consistently record the adequacy of the liver via US, including parenchyma heterogeneity, visualization of the entire liver, and beam attenuation because abdominal US results are often difficult to visualize in many cases of severe obesity. The visualized US score for HCC screening is graded into the following categories: A---no or minimal limitations; B---moderate limitations, as the examination may obscure small masses; and C---severe limitations, as the examination may miss focal liver lesions \[[@B29-diagnostics-10-00579]\]. Consequently, if the US quality is inadequate (i.e., category C or, in some cases, category B), we recommend considering other imaging modalities (e.g., CT scans or magnetic resonance imaging \[MRI\]) for HCC screening (Proposal 5). Compared with multidetector CT (MDCT) and extracellular contrast media-enhanced MRI (ECCM-MRI), Gd-EOB-DTPA-MRI can be used as the first-choice imaging modality for the medical care of HCC among patients with hepatitis or liver cirrhosis in Japan \[[@B54-diagnostics-10-00579]\], China \[[@B55-diagnostics-10-00579]\], Thailand, and Korea \[[@B56-diagnostics-10-00579]\]. The optimal intervals of imaging studies remain obscure. In the aforementioned meta-analysis by Singal et al. \[[@B57-diagnostics-10-00579]\], US surveillance every 6 months significantly improved the sensitivity of detection for early stage HCC compared to annual exams. More frequent imaging (every 3 months) did not improve survival or increase the detection of small HCC lesions and is, therefore, not recommended \[[@B58-diagnostics-10-00579]\]. It is also necessary to discuss the domestic best practices for this recommendation in NAFLD.

5. Novel Indicators for Predicting Incident HCC Risk {#sec5-diagnostics-10-00579}
====================================================

Methods for assessing the risk of hepatocarcinogenesis itself, rather than advanced fibrosis, have also been studied ([Figure 2](#diagnostics-10-00579-f002){ref-type="fig"}). The FIB-4 index and NFS are also useful for predicting cancer risk \[[@B59-diagnostics-10-00579]\] ([Table 1](#diagnostics-10-00579-t001){ref-type="table"}). In a national multicenter study led by JSG-NAFLD, Kawaguchi et al. reported that a favorable prognostic factor in NASH-HCC is serum albumin of 4.0 g/dL or more; further, the early detection of HCC can provide an indication of curative treatments, such as surgery and radiofrequency ablation therapy \[[@B60-diagnostics-10-00579]\]. This suggests the importance of diagnosing HCC at an early stage when the hepatic reserve is maintained. Most NASH-HCC patients do not undergo regular surveillance. Consequently, their tumor sizes are large at the time of diagnosis, resulting in a poor prognosis \[[@B61-diagnostics-10-00579],[@B62-diagnostics-10-00579]\].

5.1. Mac2 Protein Glycosylated Isomer {#sec5dot1-diagnostics-10-00579}
-------------------------------------

Mac-2-binding protein (M2BP) is a secretory glycoprotein that contains seven *N*-glycans per monomer \[[@B63-diagnostics-10-00579]\]. In the serum, 10--16 monomers of M2BP form a doughnut-shaped polymer that presents 70--112 *N*-glycans. Alterations in M2BP occur during the progression of liver disease and fibrosis due to changes in N-glycosylation (i.e., sialylation or the extension of polylactosamine). However, the underlying mechanism is unclear. As a robust lectin that binds the GalNAc residue of *N*-glycans and *O*-glycans and the clustered LacNAc structure, Wisteria floribunda agglutinin (WFA) can recognize the altered *N*-glycans of M2BP specifically. Thus, this specific glycoprotein was described as WFA^+^-M2BP and renamed to M2BPGi after the commercialization of the diagnostic reagent. Level of WFA^+^ -M2BP in the sera were measured by a HISCL™ M2BPGi™ assay kit using an automated immunoanalyzer (HISCL™-800; Sysmex, Kobe, Japan). The measured values of WFA^+^ -M2BP conjugated to WFA were indexed with the obtained values using the following equation: Cutoff index (C.O.I) = (\[WFA^+^-M2BP\]sample-\[WFA^+^-M2BP\]~NC~)/(\[WFA^+^-M2BP\]~PC~ − \[WFA^+^ -M2BP\]~NC~), where the \[WFA^+^-M2BP\] sample is the WFA^+^-M2BP count of the serum samples, PC is positive control, and NC is the negative control. The positive control was supplied as a calibration solution preliminarily standardized to yield a cutoff value of 1.0 \[[@B64-diagnostics-10-00579]\]. The clinical application of the Wisteria floribunda agglutinin-positive Mac-2-binding protein (WFA^+^-M2BP) has been widely promoted after Japanese public health insurance began to cover its expenses in 2015. M2BPGi has been used as a liver fibrosis marker for various liver diseases \[[@B65-diagnostics-10-00579]\], including NAFLD \[[@B43-diagnostics-10-00579],[@B64-diagnostics-10-00579],[@B66-diagnostics-10-00579]\]. Accumulating evidence suggests that higher levels of serum M2BPGi can predict HCC incidence in patients with chronic hepatitis B \[[@B67-diagnostics-10-00579],[@B68-diagnostics-10-00579],[@B69-diagnostics-10-00579],[@B70-diagnostics-10-00579],[@B71-diagnostics-10-00579],[@B72-diagnostics-10-00579]\]. According to a report by Kawanaka et al. \[[@B73-diagnostics-10-00579]\], the carcinogenic rate was as high as 6.8% at 5 years and 21.1% at 10 years in NAFLD cases where M2BPGi was 1.26 or higher, while the rate was as low as 1.7% at 5 years and 1.7% at 10 years in patients with M2BPGi below 1.26 \[[@B73-diagnostics-10-00579]\]. It has been suggested that M2BPGi may be a predictor of hepatocarcinogenesis, as well as fibrosis, but its mechanism has not been clarified.

5.2. GALAD Score {#sec5dot2-diagnostics-10-00579}
----------------

In Japan, AFP, the AFP-L3 fraction, and PIVKA-II (des-γ-carboxy pro-thrombin \[DCP\] in foreign countries) have been used for many years as tumor markers. According to Toyoda et al. the sensitivity was 60% and the specificity was 85% in HCC stage 1 (*n* = 235) when these three types of tumor markers were combined \[[@B74-diagnostics-10-00579]\]. In Japan, the combination of these tumor markers is followed by a combination of imaging tests as a surveillance method for HCC. The GALAD score calculated from the age, sex, AFP, AFP-L3 fraction, and DCP has been reported to be useful in the early diagnosis of HCC globally \[[@B75-diagnostics-10-00579]\] ([Table 1](#diagnostics-10-00579-t001){ref-type="table"}). Moreover, PIVKA-II 1 mAU/mL = DCP 0.012 ng/mL can be calculated. In a study comparing NASH with HCC and without HCC at eight facilities in Germany, the GALAD score provided a better diagnosis of HCC (AUROC 0.93) than AFP (AUROC 0.88), AFP-L3 fractionation (AUROC 0.86), or PIVKA-II alone (AUROC 0.87) \[[@B76-diagnostics-10-00579]\]. The GALAD score remained useful independent of the existence of liver cirrhosis; a cutoff value of 0.63 was appropriate, even though only 25 patients were examined using the Milan criteria. The sensitivity was good at 68%, the specificity at 95%, and an AUROC of 0.91. In a prospective study of 392 NAFLD patients (of which 17 experienced HCC incidence during the course) at Ogaki Municipal Hospital, the GALAD score was characterized by an upward trend from one and a half years before the diagnosis of HCC. The GALAD score was effective for the surveillance of NASH patients \[[@B76-diagnostics-10-00579]\]. These are data from only a single facility; a multi-center validation study is needed in the future.

5.3. Apoptosis Inhibitor of Macrophages {#sec5dot3-diagnostics-10-00579}
---------------------------------------

The apoptosis inhibitor of macrophages (AIM) is a protein with a molecular weight of about 40 kD that was discovered by Professor Miyazaki of the University of Tokyo in 1999 \[[@B77-diagnostics-10-00579]\]. AIM is produced by Kupffer cells in the liver and macrophages in the abdominal cavity \[[@B78-diagnostics-10-00579]\]. IgM behaves as a carrier of the AIM protein, storing a large amount of the inactivated form of AIM in the blood. Under certain disease conditions, AIM can dissociate from IgM locally or systemically to exert its functions, inducing the removal of various biological debris, such as excess fat, bacteria, cancer cells, or dead cell debris \[[@B79-diagnostics-10-00579]\]. In patients with NASH-HCC, AIM is more strongly dissociated from the IgM pentamer compared to non-tumor-bearing patients, while IgM-unbound AIM (free AIM) in blood increases in NASH-HCC \[[@B80-diagnostics-10-00579]\]. Since free AIM (cutoff value: 1.6 μg/mL) can detect HCC with a higher sensitivity (88.5%) than PIVKA-II (53.8%) or AFP (26.9%), AIM is expected to be used as a diagnostic marker for detecting NASH-HCC. Since AIM may be used as a predictor of carcinogenesis in the future, researches should focus on future data collection. Since AIM has an inhibitory effect on HCC carcinogenesis in animal models \[[@B81-diagnostics-10-00579],[@B82-diagnostics-10-00579]\], the clinical application of AIM for HCC treatment is also anticipated. The increased blood free AIM in NASH-HCC, moreover, may be a biodefense response.

5.4. SNP Combo {#sec5dot4-diagnostics-10-00579}
--------------

Various SNPs can relate to hepatocarcinogenesis in NAFLD. PNPLA3 SNP, which has the most abundant evidence, contributes not only to the development of hepatic fibrosis but also to hepatocarcinogenesis \[[@B20-diagnostics-10-00579],[@B83-diagnostics-10-00579],[@B84-diagnostics-10-00579]\]. In a study from the United Kingdom, 100 Caucasian NAFLD associated HCC cases were reported. A study on 275 NAFLD non-carcinoma cases diagnosed by liver biopsy revealed that CG hetero carriers have a 2.52-fold higher risk, and GG homo carriers have a 12.19-fold higher risk of liver carcinogenesis than PNPLA3 CC homo carriers \[[@B83-diagnostics-10-00579]\]. Since PNPLA3 GG homozygotes are a risk factor, even when examined in patients only with liver cirrhosis, PNPLA3 SNP GG homozygotes present a high risk of hepatocarcinogenesis independent of liver fibrosis. The cumulative hepatocarcinogenesis rate of 238 Japanese NAFLD patients diagnosed by biopsy was examined in PNPLA3 SNP \[[@B20-diagnostics-10-00579]\]. GG homozygotes were shown to have significantly higher hepatocarcinogenesis rates than C allele carriers. A study on the risk of hepatocarcinogenesis among obese individuals using an obesity cohort in Sweden revealed that the G allele carriers had 5.9 (95% CI: 1.5--23.8) times higher hepatocarcinogenesis rates \[[@B24-diagnostics-10-00579]\]. An analysis of the risk of hepatocarcinogenesis among confirmed Japanese diabetic patients revealed that the JAZF1 G allele and PNPLA3 SNP GG homozygotes are risk factors \[[@B85-diagnostics-10-00579]\]. It has been reported that the T allele of membrane-bound O-acyl-transferase domain circulating 7 (MBOAT7) is involved in hepatocarcinogenesis in patients without cirrhosis \[[@B86-diagnostics-10-00579]\]. We previously reported that a combination of PNPLA3 and dysferlin in patients with NAFLD in Japan presented a high risk of developing HCC for both risk alleles \[[@B87-diagnostics-10-00579]\], but further cases need to be studied for validation. PNPLA3 G alleles are prevalent in Japan, South Korea, Taiwan, and Mexico \[[@B7-diagnostics-10-00579]\]. Thus, there is concern that NASH-HCC incidence will increase in these countries. A report from Europe indicated that the risk alleles of PNPLA3, transmembrane 6 superfamily member 2 (TM6SF2) and hydroxysteroid 17-beta dehydrogenase 13 (HSD17B13), indicate 29 times the risk of hepatocarcinogenesis compared to the general population \[[@B67-diagnostics-10-00579]\]. NAFLD patients with the TM6SF2 risk allele accumulate hepatic steatosis, but atherosclerosis is low in those with NAFLD risk alleles due to their excretion as very low density lipoprotein (VLDL). HSD17B13 modulates the action of the *PNPLA3* gene. Genotype of HSD17B13 are classified to allele homozygotes (T/T), heterozygotes (T/TA), and alternate allele homozygotes (TA/TA). When patients have the PNPLA3G allele with a TA variant of HSD17B13, inflammation and fibrosis are suppressed \[[@B88-diagnostics-10-00579]\]. In this way, it is important to incorporate this SNP combo into risk assessment. However, this SNP poses problems for daily clinical practice, such as cost and the protection of personal information. It is important to use the family history of HCC and cirrhosis as a simple alternative method \[[@B89-diagnostics-10-00579]\].

5.5. Noninvasive Liquid Biopsy {#sec5dot5-diagnostics-10-00579}
------------------------------

The concept of liquid biopsy was developed to address the need for reliable, minimally invasive methods for diagnosis, prognosis, and overall disease monitoring. Liquid biopsy is a modality where bodily fluid samples, instead of solid tissue, are used for pathophysiological or molecular analyses. This method has been introduced in many clinically relevant fields, including cancer research, and, in general, any bodily fluids can be used as potential samples for a liquid biopsy. The term "liquid biopsy" can also apply to cancer by-products, including circulating tumor cells (CTCs), cell-free DNA (cfDNA), cell-free RNA (cfRNA), microRNA (miRNA), extracellular vesicles (EVs), and tumor-derived metabolites \[[@B90-diagnostics-10-00579]\]. The most widely used markers are CTCs and ctDNA. ctDNA that carries cancer-specific genetic and epigenetic aberrations may facilitate a noninvasive liquid biopsy for the diagnosis and monitoring of cancer \[[@B91-diagnostics-10-00579],[@B92-diagnostics-10-00579]\].

6. Algorithm for HCC Surveillance in Nonalcoholic Fatty Liver Disease {#sec6-diagnostics-10-00579}
=====================================================================

We constructed an algorithm for HCC surveillance in NAFLD referring to the AGA expert review ([Figure 3](#diagnostics-10-00579-f003){ref-type="fig"}). NAFLD patients with cirrhosis should underdo HCC surveillance. NAFLD patients who are likely to have advanced fibrosis revealed by NITs (FIB-4 index, ELF test, VCTE, and MRE) should consider HCC surveillance. US is the first method for the surveillance of HCC, but the adequacy of US should be documented because of its difficulty to use among obese patients. In NAFLD patients with a high likelihood of an inadequate US (or if an US is attempted but inadequate), a CT or MRI may be utilized \[[@B29-diagnostics-10-00579]\]. Tumor markers such as PIVKA-II, AFP, and AFP-L3 may help identify those with a high risk of HCC in NAFLD. NAFLD patients who are unlikely to have advanced fibrosis evaluated by NITs should not undergo routine surveillance.

7. Conclusions {#sec7-diagnostics-10-00579}
==============

The surveillance of HCC is unreasonable for all patients with NAFLD, who are estimated to total more than 2 billion worldwide. For cases of cirrhosis, suspected advanced fibrosis according to NITs, and cases of diabetes mellitus, HCC should be surveyed by semi-annual US and measurements of tumor markers such as PIVKA-II, AFP, and AFP-L3 ([Figure 3](#diagnostics-10-00579-f003){ref-type="fig"}). Because it is difficult to visualize the HCC in NAFLD patients by abdominal US because of obesity, alternative imaging such as CT or MRI should be considered. Early identification through surveillance provides more curative treatment options. If SNP measurements can be performed in general clinical settings, more efficient surveillance can be expected, but a cost-benefit analysis of this surveillance will be necessary in the future \[[@B93-diagnostics-10-00579],[@B94-diagnostics-10-00579]\]. We also hope to establish innovative parameters for HCC surveillance, such as M2bpGi, the GALAD score, and free AIM. Precision tools that can better predict the development of HCC in individual patients with NAFLD are needed.
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α-Fetoprotein

AFP-L3

Lens culinaris-agglutinin-reactive fraction of AFP
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American Gastroenterology Association

AIM

Apoptosis inhibitor of macrophage

AST

aspartate aminotransferase
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alanine aminotransferase
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body mass index

HA

hyaluronic acid

P3NP

aminoterminal propeptide of type 3 procollagen

TIMP-1

tissue inhibitor of matrix metalloproteinase type 1
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circulating tumor cells
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cell-free DNA

cfRNA

cell-free RNA

EV

extracellular vesicle

DCP

des-γ-carboxy pro-thrombin

CI

confidence interval

CT

computed tomography

ELF

enhanced liver fibrosis

ELISA

enzyme linked immunosolvent assay

FIB-4

Fibrosis-4

NFS

NAFLD fibrosis score

HBV

hepatitis B virus

HCV

hepatitis C virus

HCC

hepatocellular carcinoma

HR

hazard ratio

HSD17B13

hydroxysteroid 17- beta dehydrogenase 13

FLD

fatty liver disease

M2BPGi

Mac-2 binding protein glycosylation isomer

MBOAT7

membrane bound O-acyl-transferase domain circulating 7

MDCT

multidetector CT

miRNA

microRNA

MRE

magnetic resonance elastography

MRI

magnetic resonance imaging

ECCM-MRI

extracellular contrast media-enhanced MRI

NAFLD

nonalcoholic fatty liver disease

NASH

nonalcoholic steatohepatitis

NIT

noninvasive test

TIMP-1

tissue inhibitor of matrix metalloproteinase type 1,

PIVKA-II

protein induced by vitamin K

P3NP

aminoterminal propeptide of type 3 procollagen

PNPLA3

patatin-like phospholipase domain-containing protein 3

QALY

quality-adjusted life year

RIA

radioimmunoassay

SNP

single nucleotide polymorphism

TIMP-1

tissue inhibitor of matrix metalloproteinase type 1

TM6SF

transmembrane 6 superfamily member 2

US

ultrasonography

VCTE

vibration-controlled transient elastography

![The 25% rule in nonalcoholic fatty liver disease (NAFLD) \[[@B10-diagnostics-10-00579]\].](diagnostics-10-00579-g001){#diagnostics-10-00579-f001}

![NITs for the surveillance of severe fibrosis and HCC in NAFLD. First, the NIT is used to determine advanced fibrosis (F3/4) from NAFLD. In cases of advanced fibrosis, regular image examinations are performed to detect HCC early. Then, strict surveillance is conducted among patients with a high GALAD score (\>−0.63), high M2bpGi cases (\>1.26), and PNPLA3 GG homozygous cases.](diagnostics-10-00579-g002){#diagnostics-10-00579-f002}

![Algorithm for HCC surveillance in Nonalcoholic Fatty Liver Disease. NIT: noninvasive test, FIB-4: fibrosis-4, ELF: enhanced liver fibrosis, VCTE: vibration-controlled transient elastography, MRE: magnetic resonance elastography, HCC: hepatocellular carcinoma, US: ultrasonography, CT: computed tomography, MRI: magnetic resonance imaging, PIVKA-II: protein induced by vitamin K, AFP: α-fetoprotein, M2BPGi: Mac-2 binding protein glycosylated isomer. Mets: metabolic syndrome. The visualization score of the ultrasound for HCC screening is graded into the following categories: A---no or minimal limitations; B---moderate limitations, as the examination may obscure small masses; and C---severe limitation, as the examination may miss focal liver lesions \[[@B29-diagnostics-10-00579]\].](diagnostics-10-00579-g003){#diagnostics-10-00579-f003}
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###### 

Noninvasive test (NIT) for stratifying a high risk of hepatocellular carcinoma (HCC) in nonalcoholic fatty liver disease (NAFLD).

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  NIT                    Formula                                                                                                                                                                                             HCC High Risk
  ---------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------
  FIB-4 index            (age \[years\] × AST \[U/L\]/(platelet count \[10^9^/L\] × √ALT \[U/L\])\                                                                                                                           \>2.67
                         <https://www.eapharma.co.jp/medicalexpert/product/livact/fib-4/calculator.html>                                                                                                                     

  NAFLD fibrosis score   −1.675 + 0.037 × age (years) + 0.094 × BMI (kg/m^2^) + 1.13 × impaired fasting glucose/diabetes (yes=1, no=0) + 0.99 × AST/ALT ratio − 0.013 × platelet count (×10^9^/L) - 0.66 × albumin (g/dL)\   \>0.676
                         <http://nafldscore.com/>                                                                                                                                                                            

  ELF test               −7.412 + (In \[HA\] × 0.681) + (In \[P3NP\] × 0.775) + (In \[TIMP1\] × 0.494)                                                                                                                       \>11.3

  GALAD score            10.08+1.67 × gender (male: 1, female:0) + 0.09 × age (years) + 2.34 × log10 (AFP \[ng/mL\]) + 0.04 × AFP-L3 (%) + 1.33 × log10 (DCP \[ng/mL\])\                                                     \>−0.63
                         <https://www.mdcalc.com/galad-model-hepatocellular-carcinoma-hcc>                                                                                                                                   
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

FIB-4: fibrosis-4, AST: aspartate aminotransferase, ALT: alanine aminotransferase, BMI: body mass index, HA: hyaluronic acid, P3NP: aminoterminal propeptide of type 3 procollagen. TIMP-1: tissue inhibitor of matrix metalloproteinase type 1, ELF: enhanced liver fibrosis, AFP: α fetoprotein, DCP: des-γ-carboxy pro-thrombin.
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###### 

Summary of the recommendations for HCC surveillance in nonalcoholic fatty liver disease \[[@B29-diagnostics-10-00579]\].

  ------------------------ -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Best Practice Advice 1   Screening for HCC should be considered in all patients with cirrhosis due to NAFLD
  Best Practice Advice 2   Patients with NAFLD and noninvasive markers showing evidence of advanced liver fibrosis or cirrhosis should be considered for HCC screening
  Best Practice Advice 3   Patients with NAFLD in the absence of advanced liver fibrosis should not be routinely considered for HCC screening
  Best Practice Advice 4   The adequacy of ultrasound in assessing liver parenchyma for mass lesions should be documented when used for HCC screening in patients with cirrhosis due to NAFLD
  Best Practice Advice 5   When the quality of ultrasonography is suboptimal for the screening of HCC (e.g., due to obesity), future screening should be performed by either computed tomography or a magnetic resonance imaging scan, with or without α-Fetoprotein, every 6 months
  Best Practice Advice 6   Patients with cirrhosis due to NAFLD should be counseled on abstaining from alcohol drinking and tobacco smoking
  Best Practice Advice 7   The optimal management of diabetes and dyslipidemia through lifestyle modifications and pharmacotherapy is encouraged for patients with NAFLD and advanced liver fibrosis who are at risk of HCC
  Best Practice Advice 8   The optimal management of obesity through lifestyle modifications, pharmacotherapy, or endoscopic/surgical bariatric procedures is encouraged for patients with NAFLD and advanced liver fibrosis who are at risk of HCC
  ------------------------ -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

HCC: hepatocellular carcinoma, NAFLD: nonalcoholic fatty liver disease.
